Cathodoluminescence imaging and spectroscopy on a single multiwall boron nitride 

nanotube 
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Cathodoluminescence imaging and spectroscopy experiments on a single bamboo-like boron nitride 
nanotube are reported. Imaging experiments show that the luminescence is located all along the 
nanotube. Spectroscopy experiments point out the important role of dimensionality in this one 
dimensional object. 

PACS numbers: 78.67.Ch,71.35-y,78.55.Cr,78.60.Hk 
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Since the early 90's, theoretical and experimental stud- 
ies on nanotubes have attracted much attention. Carbon 
nanotubes, which have been first discovered in 1991 [![, 
are the most commonly studied. They are investigated 
in various domains such as mechanics, molecular elec- 
tronics, optoelectronics and optics. Few years after the 
discovery of carbon nanotubes, boron nitride nanotubes 
have also been synthesized 0. These nanotubes are ei- 
ther composed of a few (multiwall) or of a single (single 
wall) rolled- up hexagonal boron nitride sheet (s). Single 
wall nanotubes are the best systems from a fundamental 
point of view, but it is often easier to produce multiwall 
nanotubes. The study of the properties of multiwall nan- 
otubes is then a first step since it can make the link with 
hexagonal bulk material. BN nanotubes are wide band 
gap semiconductors with optical transitions in the UV 
range above 5 eV [H, 0, H, 0, 0, S] . This property makes 
them very different from carbon nanotubes and attrac- 
tive for other kinds of applications as blue light and UV 
emitters. 



Moreover, because of their high thermal stability, 
BN materials are studied and already used in vacuum 
technology. Some experiments performed on BN nan- 
otubes have been reported such as structural investiga- 
tion BSE EH, transport [T3, E3JllL 

scanning tunnel- 
ing microscopy and spectroscopy lalE 11 | > optical ab- 
sorption spectroscopy Q , cathodoluminescence and pho- 
toluminescence spectroscopies 
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(]. The investi- 
gation of their optical properties is a key point in the 
understanding of the fundamental processes and the fu- 
ture applications of these one dimensional (ID) materials. 
However, their optical properties remain poorly known 
especially because of their wide band gap. 
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FIG. 1: TEM image of a bamboo-like MWBNNT. Inset: zoom 
on the nanotube walls. 



EXPERIMENTAL DETAILS 

When studying nano-objects, one important step is 
to perform experiments on an individual object since 
then, we are free from size fluctuations and other av- 
eraging effects which scramble the intrinsic properties. 
Until now, only few experiments have been reported 
concerning electronic properties of a single BN nan- 
otube (Electron Energy Loss Spectroscopy performed in 
the low loss regime [5| and Scanning tunneling Spec- 
troscopy [lij]). In this Letter, we report the observation 
of the luminescence of a single BN nanotube by studying 
cathodoluminescence imaging and spectroscopy on an in- 
dividual bamboo-like Multiwall Boron Nitride Nanotube 
(MWBNNT). MWBNNT studied here are synthesized 
by ball milling in the group of Pr Ying Chen in the Aus- 
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FIG. 2: (a)TEM image and (b) Cathodoluminescence im- 
age (bottom) at T=5 K, 1=400 pA, of the same individual 
MWBNNT. 
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tralian National University [21] . Transmission Electron 
Microscopy (TEM) analysis demonstrates that the prod- 
uct of the synthesis is mainly composed of bamboo-like 
structured MWBNNT (Fig. [[J. 

These bamboo-like MWBNNT are composed of about 
35 h-BN sheets and their average external diameter is 
about 50 nm. Typically, there are 30 stacks in the bam- 
boo structure and high resolution TEM images (inset of 
Fig. []} show the good crystallinity of this bamboo-like 
MWBNNT. Cracks of the lattice are also observed into 
each stack, as reported in BN nanorods [221 ]. 

The MWBNNT arc dispersed in ethanol, centrifugated 
at 25000 g and then deposited on a C-coated Cu TEM 
grid. Bamboo-like MWBNNT are suspended on the 
amorphous carbon membrane. The sample is charac- 
terized by High Resolution Transmission Electron Mi- 
croscopy (HRTEM) using a Philips CM-20 (200 keV) 
equipped with a LaBg filament. Cathodoluminescence 
experiments are performed using a 20 keV, 400 pA 
electron beam in a scanning electron microscope (FEI 
Quanta 200). The light is collected thanks to a parabolic 
mirror and coupled to HR460 (Jobin Yvon) spectrograph 
equipped with a nitrogen cooled CCD array for spec- 
troscopy and a photomultiplier tube for imaging. Exper- 
iments are performed at 5K. 

The cathodoluminescence image of an individual 
MWBNNT is displayed in Fig. [2b. The comparison be- 
tween the TEM (Fig. Hk) and the CL (Fig. Hp) images 
shows that the emitted light is located all along the nan- 
otube. 

The spectrum of the light emitted by the single 
MWBNNT is displayed in Fig. [3] and exhibits two major 
lines. A first line is centered at 5.27 eV with a full width 
at half maximum (FWHM) of 240meV. A second line is 
centered on 3.8 eV with a FWHM of about 1 eV. Since 
excitonic effects in BN materials are expected to gov- 
ern their optical properties 0,Bl23]) the line at 5.27 eV 
can be attributed to the transitions of the quasi- Frcnkcl 
excitons of the bamboo-like nanotube. It has to be com- 
pared with the quasi Frenkel excitonic line at 5.77 eV 



FIG. 3: Cathodoluminescence spectrum of the individual 
MWBNNT at T=5 K and 1=400 pA. Exposition time: 25 
min. Inset: zoom on the UV line. 



observed in the h-BN photoluminescence and cathodo- 
luminescence spectra [24 



25, 26, 271. The red shift of 



490 meV can be considered as the spectral feature of the 
tubular geometry. By rolling up h-BN sheets, some oppo- 
site effects can occur inducing blue or red shift of the line: 
an increase of the band gap energy due to confinement 
(blue shift) and of the binding energy of the exciton (red 
shift). The Bohr radius of this quasi- Frenkel exciton can 
been estimated at about 1 nm and has to be compared 
with the diameter (~ 50 nm) of the bamboo nanotube. 
Then, the exciton should not be too much confined by en- 
rolling the sheets. Other effects have to be investigated 
in this ionic material as internal electric field effects [2^| 
or trapping of excitons as observed in molecular crystals. 

The inset in Fig. [3] exhibits a zoom on the 5.27 eV line. 
The linewidth (240 meV at 5 K) is quite large for an in- 
dividual object as compared to more classical semicon- 
ductor heterostructures in which lincwidths of Wannier 
excitons are close to a few meV at 5 K. CL experiments 
do not show any broadening of the linewidth as a func- 
tion of current densities. Therefore, many body effects as 
exciton-exciton interactions should not account for this 
linewidth. Moreover, the presence of an internal electric 
field in hexagonal nitrides is known to lead to huge broad- 
ening of the lines. Finally, molecular crystals, in which 
Frenkel excitons are observed, exhibits broad lines. The 
observation of the 240 meV linewidth of this individual 
nanotube supports the idea that BN materials seem to 
behave like molecular crystals. 

The line centered at 3.8 eV is attributed to deep lev- 
els in the band gap due to intrinsic impurities or defects. 
The same interpretation is now commonly admitted for 
the blue line in h-BN [27J and the same band has also 

291. Furthermore, in 
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been observed in BN nanorods 
previous works on h-BN [27] , noticeable phonon replicas 
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have been observed in this band with related phonon en- 
ergy of 0.18 eV. At this energy no phonon mode has 
been reported in bulk h-BN and, then, the nature of 
this phonon remains an open question. The bamboo- 
like MWBNNT spectrum does not exhibit any sign of 
phonon replica as observed (in CL and PL) in the 3.8 eV 



band of BN nanorods 



HRTEM images of BN 



nanrods [301 ] and of bamboo-like nanotubes show cracks 
on the walls. This kind of structure may prevent coupling 
between electrons and delocalized phonons. This obser- 
vation support the interpretation of the 0.18 eV phonon 
observed in h-BN as a delocalized phonon. 

In conclusion, we have reported cathodoluminescence 
imaging and spectroscopy on an individual bamboo-like 
multiwall boron nitride nanotube. The luminescence sig- 
nal is observed all along the nanotube. The effect of the 
tubular geometry has been observed on the quasi- Frenkcl 
exciton of the bulk h-BN material. As suggested in pre- 
vious works on h-BN [23, 24, 27 1, excitonic effects seem 
to play a major role in the optical response of BN nan- 
otubes, but internal field effects and trapping of excitons 
have to be investigated. In order to obtain more intrin- 
sic information about the fundamental processes involved 
in these wide band gap ID semiconductors, luminescence 
experiments on single wall BN nanotubes are in progress. 
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